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INTEGRATED CIRCUIT PACKAGE WITH MULTIPLE 
HEAT DISSIPATION PATHS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to an integrated circuit package, and 

more particularly, to an integrated circuit package with a heat spreader 
to dissipate heat. 

2. Description of Related Art 

Because the integrated circuit semiconductor device is getting more 
10 complicated in function and smaller in size, the flip chip semiconductor 
device is seeing more wide-spread use, since flip chip mounting 
permits a high component density and fast accessing time. FIG. 4 
shows a conventional integrated circuit package which is of a well 
known "flip chip on board"^type packaging. By welding the solder 
15 bumps 42 of a die 40 to a printed circuit board 41, the die 40 is 
electrically connected to the printed circuit board 41. An underfill 43 is 
injected between the die 40 and the printed circuit board 41 to securely 
consolidate the die 40 with the printed circuit board 41 so that the 
solder joints between the die 40 and the printed circuit board 41 will 
20 not be damaged due to different degrees of thermal expansion of the 
die 40 and the printed circuit board 41 upon thermal excursions, which 
the integrated circuit semiconductor device experiences during 
operation. 

However, due to the fact that the aforementioned flip chip 
25 semiconductor device is of small volume and with high power density, 
the thermal resistance greatly increases. The major heat dissipation 
paths are from the backside of the die 40 to the environment and from 
the lower portion of the die 40 to the printed circuit board 41. 
Unfortunately, the underfill filled between the die 40 and the printed 
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circuit board 41 is of an insulating material, such as epoxy resin, whose 
heat conducting capability is extremely low. Therefore, the heat from 
the die 40 is difficult to be conducted to the printed circuit board 41 
and the heat dissipation capability of such a flip chip semiconductor 
5 device is unsatisfactory. 

In order to eliminate the aforementioned heat dissipating problem, 
an additional heat cap or heat spreader may be employed to assist in 
dissipating heat. FIG. 5 shows a flip chip integrated circuit package 
having a die 50 attached to a substrate 53 that is mounted on a printed 

10 circuit board 54. A metal heat sink 51 is further mounted on the top of 
the die 50 via adhesive 52 such that the heat from the die 50 is 
dissipated to the heat sink 51. With such a flip chip packaging structure, 
the effective heat dissipating area can be increased by using the heat 
sink 51. However, the heat sink 51 is secured to the die 50 by adhesive 

15 52, thus the load on the die 50 is heavy so that the connection between 
the die 50 and the substrate 53 is likely to be damaged due to stress 
generated by the heavy load. Therefore, the reliability of such a 
packaged semiconductor device is difficult to promote. 

Alternatively, FIG. 6 shows a flip chip integrated circuit package, 

20 which has a metal heat cap 61 disposed on a substrate 63 to cover a die 
60. The heat cap 61 is adhered to the substrate 63 through epoxy resin 
62. A heat conductive adhesive 64 is filled between the heat cap 61 and 
the die 60. Thus, the heat from the die 60 can be dissipated out through 
the heat cap 61. With such a packaging structure, the heat cap 61 is 

25 adhered to the substrate 63 through the epoxy resin 62 that is unable to 
transfer heat. Thus, the heat can not be effectively conducted to the 
substrate 63 to be dissipated. Moreover, the aforementioned heat sink 
51 and the heat cap 61 are with large footprints with respect to that of 
the die 50, 60. However, since the density of the electronic package is 
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getting higher and the size of electronic product is getting smaller, 
adding such large heat dissipation elements to the flip chip device is 
obviously undesired, as it will greatly increase the space required by 
the flip chip device. Thus, there is a need for the above integrated 
5 circuit packages to be improved. 

Among the known patents related to the heat dissipation of a flip 
chip integrated circuit package, U. S. Patent No. 5,847,929 granted to 
Bernier et al. has disclosed the use of an adhesive of silicone or 
flexible-epoxy to attach a heat sink to a semiconductor chip. U. S. 

10 Patent No. 5,726,079 granted to Johnson has provided a thermally 
conductive planar member in packaging a flip chip. U. S. Patent No. 
5,650,662 granted to Edwards et al. has disclosed a heat spreader that 
is directly bonded to an electronic device package. U. S. Patent No. 
5,856,911 granted to Riley has provided an integrated circuit package 

15 having a top die attach area and a bottom heat spreader thermally 
coupled to the die. The above patents are provided to dissipate heat out 
of integrated circuit packages with only one heat dissipation path 
which us from the die upward to the environment. Therefore, they can 
not be used to effectively solve the aforementioned heat dissipation 

20 problems. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to provide an 
integrated circuit package having a heat spreader to dissipate heat 
generated by a die both from the backside of the die and by conducting 
^ 25 to tne printed circuit board, so as to improve the heat dissipating effect. 
Moreover, the installation of the heat spreader will not increase the 
load of the die. 

To achieve the object, an integrated circuit package is provided 
which has a printed circuit board and a die attached to the printed 
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circuit board. A heat spreader secured to the printed circuit board is 
provided to cover the die and contact with the backside of the die, so 
that heat from the die can be transferred upward to the environment and 
downward to the printed circuit board through the heat spreader. 
5 Further, since the heat spreader is secured to the printed circuit board, 
no additional load is added to the die. 

The various objects and advantages of the present invention will 
be more readily understood from the following detailed description 
when read in conjunction with the appended drawing. 
10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side cross sectional view of an integrated circuit 
package in accordance with the present invention; 

FIG. 2 is a perspective view showing a heat spreader of the 
integrated circuit package in accordance with the present invention; 
15 FIG. 3 is a top view of a printed circuit board used in the integrated circuit 

package in accordance with the present invention; 

FIG. 4 is a side cross sectional view of a conventional flip chip integrated 
circuit package; 

FIG. 5 is a side view of a conventional flip chip integrated circuit package 
20 with a heat sink; and 

FIG. 6 is a side cross sectional view of a conventional flip chip package with a 
heat cap. 

DETAILED DESCRIPTION OF THE PREFERRED ETVTR ODTMENT 

A preferred embodiment of an integrated circuit package with 
25 multiple heat dissipation paths in accordance with the present invention 
is illustrated in FIG. 1, which has a die 12 attached to a printed circuit 
board 11. The die 12 has multiple solder bumps 121 at the bottom 
thereof to mount to the surface of the printed circuit board 11. An 
underfill 18 is applied between the die 12 and the printed circuit board 
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11. A heat spreader 13 is provided to cover the die 12. The heat 
spreader 13 contacts with the backside of the die 12 and is adhered to 
the printed circuit board 11 for providing additional heat dissipation 
for the die 12. 

With reference to FIG. 2, the heat spreader 13 is preferred to 
have a shape similar to a lead frame known in the art of integrated 
circuit packaging. That is, the heat spreader 13 is formed by a 
rectangular piece body 131 and a plurality of supporting leads 132 
extended downward from the periphery of the piece body 131. It is 
preferable that the heat spreader 13 is made of metal with a high 
thermal conductivity, such as copper or aluminum. 

Referring to FIG. 1 again, the heat spreader 13 of lead frame type 
is mounted on the printed circuit board 11 in such a manner that the 
supporting leads 132 thereof stand on the printed circuit board 11, and 
the piece body 131 substantially abuts on the backside of the die 12. A 
high thermal conductivity interface, such as thermal grease, is filled 
between the piece body 131 and the die 12. Therefore, the heat of the 
die 12 can be conducted upward and thus transferred to the outer 
environment through the heat spreader 13. Moreover, each supporting 
lead 132 is spaced from the adjacent one so that a gap 133 is defined 
between two adjacent supporting leads 132 to allow circuit connection 
to be directed to the die 13 thereby enabling the transfer of signals to 
and from the die 12. 

With reference to FIG. 3, the surface of the printed circuit board 
1 1 is formed with a plurality of thermal pads 1 1 1 disposed around the 
die 12. At the center of each of the thermal pad 1 1 1, a thermal via hole 
112 is defined. With reference to FIG. 1 again, the plurality of 
supporting leads 132 of the heat spreader 13 are secured to the plurality 
of thermal pads 111 of the printed circuit board 11, respectively, 
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through solder 15 by surface mounting technology (SMT). Moreover, 
the printed circuit board 11 has an inner-layered copper plane 16, and 
the plurality of thermal via holes 112 are connected to the inner- 
layered copper plane 16. Therefore, other than dissipating heat upwards 
5 and out to the environment through the heat spreader 13, the heat from 
the die 12 can be downwardly conducted to the inner-layered copper 
plane 16 of the printed circuit board 11 through the plurality of 
supporting leads 132 and the thermal via holes 112. Accordingly, 
multiple heat dissipation paths are provided, and an enhanced 

10 efficiency of heat dissipation is achieved. Furthermore, the dimension 
of such an integrated circuit packaging is small so that it can be used in 
a circuit design requiring a small footprint. Additionally, the 
aforementioned thermal via holes 112 are not restricted to be defined 
within the thermal pads 111. It is also applicable to define thermal via 

15 holes at positions away from the thermal pads, and such thermal via 
holes are connected to the corresponding thermal pads by conductive 
traces plated on the printed circuit board, thereby achieving the same 
heat dissipation effect. 

Other than the enhanced heat dissipation effect, the heat spreader 
20 13 of the integrated circuit package is secured to the printed circuit 
board 1 1 by surface mounting technology. Thus, in addition to the 
known SMT process, no extra process is required to secure the heat 
spreader 13 to the printed circuit board 11, and the installation of the 
heat spreader 13 will not become a load to the die 12. Furthermore, 
25 since the heat spreader 13 abuts on the die 12 via thermal grease 14 and 
without adhesiveness, no stress will be applied to the die 12. Therefore, 
the reliability of the integrated circuit package can be greatly increased. 



6 



With reference to FIGs. 1 and 3 again, material with high thermal 
conductivity, such as conductive adhesive, can be filled between the 
plurality of supporting leads 132 of the heat spreader 13 and the die 12. 
The conductive adhesive 17 is condensed in the gaps 133 between the 
5 supporting leads 132 by surface tension effect and will not escape out 
of the heat spreader 13. Thus, the stability of the integrated circuit 
package and the heat dissipation efficiency can be further enhanced. 
Besides, an additional heat sink (not shown) can be mounted onto the 
piece body 131 of the heat spreader 13 to provide extra heat dissipation 

10 area, thereby enhancing the heat dissipation effect. 

Although the present invention has been described with reference 
to the preferred embodiments, it will be understood that the invention 
is not limited to the details described thereof. Various substitutions and 
modifications have been suggested in the foregoing description, and 

15 others will occur to those of ordinary skill in the art. Therefore, all 
such substitutions and modifications are intended to be embraced 
within the scope of the invention as defined in the appended claims. 



WHAT IS CLAIMED IS: 

1. An integrated circuit package comprising: 
a printed circuit board; 

a die attached to the printed circuit board; and 
5 a heat spreader covering the die, the heat spreader contacting with 

backside of the die and being mounted to the printed circuit board. 

2. The integrated circuit package as claimed in claim 1, wherein the 
heat spreader is formed by a piece body and a plurality of supporting 
leads extended downward from a periphery of the piece body. 

10 3. The integrated circuit package as claimed in claim 2, wherein the 

piece body of the heat spreader abuts on the backside of the die, an 
interface with high thermal conductivity being filled between the piece 
body and the die. 

4. The integrated circuit package as claimed in claim 3, wherein the 
15 interface with high thermal conductivity is thermal grease. 

5. The integrated circuit package as claimed in claim 2, wherein the 
printed circuit board has a surface formed thereon a plurality of 
thermal pads disposed around the die. 

6. The integrated circuit package as claimed in claim 5, wherein the 
20 plurality of supporting leads of the heat spreader are secured to the 

plurality of thermal pads on the printed circuit board, respectively. 

7. The integrated circuit package as claimed in claim 6, wherein the 
plurality of supporting leads are secured to the plurality of thermal 
pads by surface mounting technology. 

25 8. The integrated circuit package as claimed in claim 5, wherein the 

printed circuit board defines a plurality of thermal via holes at 
positions where the plurality of thermal pads are formed, respectively. 



9. The integrated circuit package as claimed in claim 5, wherein the 
printed circuit board has an inner-layered copper plane, the plurality of 
thermal via holes being connected to the inner-layered copper plane. 

10. The integrated circuit package as claimed in claim 5, wherein 
5 an additional heat sink is further mounted onto the piece body of the 

heat spreader. 

11. The integrated circuit package as claimed in claim 5, wherein 
material with high thermal conductivity is filled between the plurality 
of supporting leads and the die. 

10 12. The integrated circuit package as claimed in claim 1, wherein 

the material with high conductivity is thermal grease. 
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ABSTRACT OF THE DISCLOSURE 

An integrated circuit package has a printed circuit board, a die 
mounted on the printed circuit board, and a heat spreader attached to 
5 the printed circuit board to cover the die and contact with the backside 
of the die. The heat spreader is formed by a piece body and a plurality 
of supporting leads extended downward from the periphery of the piece 
body. The supporting leads of the heat spreader are attached to the 
printed circuit board by surface mounting technology. The piece body 
10 of the heat spreader abuts on the backside of the die so that heat from 
the die can be conducted both upward to the outer environment and 
downward to the printed circuit board through the heat spreader, 
thereby enhancing the heat dissipation efficiency. 



10 




FIG. 2 



^ 40 42 



41 



FIG. 4 PRIOR ART 




FIG. 6 PRIOR ART 




52 50 54 
FIG. 5 PRIOR ART 



DECLARATION FOR PATENT APPLICATION 



As a below-named inventor, I hereby declare that: 

My residence, post office and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names 
are listed below) of the subject matter which is claim and for which a patent is sought on the invention entitled: 
"Integrated Circuit Package With Multiple Heat Dissipation Paths" 

the specification of which: (check one) 

[X] is attached hereto [ ] was filed on ^ as United States Patent Application Serial No ., or PCT International 

Application Number , and was amended on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by 
any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with 37 CFR § 
1.56(a). 

Prior Foreign Application(s): I hereby claim foreign priority benefits under 35 U.S.C. § 1 19(a)-(d) or § 365(b) of any foreign 
application(s) for patent or inventor certificate listed below, or § 365(a) of any PCT international application which designated at least one 
country other than the United States of America, listed below and have also identified below any foreign application for patent or inventor 
certificate having a filing date before that of the application on which priority is claimed: 



PRIOR FOREIGN APPLICATION(S) 


PRIORITY CLAIMED 


Number 


Country 


Day/Month/Year Filed 


Yes 


No 


88209607 


Taiwan R.O.C. 


11/6/1999 


X 















I hereby Claim the benefit under Title 35, United States Code § 1 19(e) of any United States provisional application(s) listed below: 



Application No. 


Filing Date 











I hereby claim the benefit under 35 U.S.C § 120 of any United States application(s) listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the prior United States application in the manner provided by 35 U.S.C. § 1 12, first 
paragraph, I acknowledge the duty to disclose material information as defined in 37 CFR § 1 .56(a) which occurred between the filing date of the 
prior application and the national or PCT international filing date of this application: 



Application Serial No. 


U.S. Filing Date 


Status - Patented, Pending, Abandoned 















I hereby appoint Elliott I. Pollock, Registration No. 16,906; George Vande Sande, Registration No. 17,276; Robert R. Priddy, Registration No. 
20,169; Burton A. Amernick, Registration No. 24,852; Stanley B. Green, Registration No. 24,351; Richard Wiener, Registration No. 18,741; 
Townsend M. Belser, Jr., Registration No. 22,956; Morris Liss, Registration No. 24,5 10, Martin Abramson, Registration No. 25,787; Geroge R. 
Pettit, Registration No. 27,369; Elzbieta Chlopecka, Registration No. 32,767; Eric J. Franklin, Registration No. 37,134, and Jeffri A. Kaminski, 
Registration No. P-42,709, my attorneys with full power of substitution and revocation, to prosecute this application and to transact all business 
in the Patent and Trademark Office connected therewith. 

Send Correspondence and Direct Telephone Calls to. Pollock, Vande Sande & Priddy, R.L.L.P. 

Mr. Martin Abramson P.O. Box 19088 

(202) 33 1 -7 1 1 1 Washington, D.C. 20036-3425 U.S.A. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements are made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 18 U.S.C § 1001 and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Full name of sole or first inventor 
Po-Yao Lin 


Citizenship 

Taiwan, R.O.C. 


Residence Address 

3 rd FL, No. 30-3, KungKuan St., WenShan, Taipei, 
Taiwan R.O.C. 


Post Office Address [x] Same as Residence 


Date 


Signature y/ 





[ X ] See Next Page For additional inventors 
-1- 



Declaration For Patent Application 

Page Two 



Full name of second joint inventor (if any) 
Ching-Bai Hwang 


Citizenship 

Taiwan, R.O.C. 


Residence Address 

3 rd FL, No. 67, Lane 10, Alley 81, Koang-Hwa 2 St., 
HsinChu, Taiwan R. O. C. 


Post Office Address [x] Same as Residence 


Date 


Signature 




Full name of third joint inventor (if any) 


Citizenship 


Residence Address 


Post Office Address [x] Same as Residence 


Date 


Signature 




Full name of forth joint inventor (if any) 


Citizenship 


Residence Address 


Post Office Address [x] Same as Residence 


Date 


Signature 




Full name of fifth joint inventor (if any) 


Citizenship 


Residence Address 


Post Office Address [x] Same as Residence 


Date 


Signature 



-2- 

US-Pollock-P2390 



